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MONTANA  HIGHWAY  PLANNING  SURVEY 


GUIDES  FOR  ESTIMATING  i960  TRAFFIC 


1.   100#  =  19Ul  traffic. 


2.      llO^S 
to 


Traffic   if  route   is  unim- 
proved at  present   time  but 
expected  to  be  improved  oy 
I960. 


12995 
to 

I50f° 


Traffic   if  route   is   unim- 
proved at  present  time  but 
expected  to    be  improved  by 
I960. 


1+.   150?; 
to 

200^o 


Traffic  if  route  is  unim- 
proved at  present  time  but 
expected  to  be  improved  by 
I960. 


Note:   Date  of  expected  improvement 
does  not  change  traffic 
estimates  for  I960*. 


Applies  tos 


F.A.  ,  F.A.S.  and  Class  1,  2,  <Sc  3 
Forest  Highways.   Applies  to 
sparcely  settled  rural  areas. 

(Add  extra  traffic  generated  by 
logging  activities  on  timber 
utilization  roads  or  other  major 
industries  and  traffic  induced  by 
these  activities )o 

F.A. ,  F.A.S.  and  Class  1,  2,  &  3  - 
Forest  Highways.   Applies  in 
checkerboard  well-settled  rural 
areas  or  on  through-roads. 


(Add  extra  traffic  generated  by 
logging  activities  on  timber 
utilization  roads  or  other  major 
industries  and  traffic  induced  by 
these  activities )o 

F.A. ,  F.A.S.  and  Class  1,  2,  &  3 
Forest  Highways.   This  applies  in 
exceptional  cases  such  as  bottle- 
necks and  natural  cutoffs.   Some 
cases j  of  course,  might  be  much 
more  but  these  special  conditions 
would  require  special  analysis. 

(Add  extra  traffic  generated  by 
logging  activities  on  timber  util- 
ization roads  or  other  major 
industries  and  traffic  induced  by 
these  activities).. 


130%  =  expected  secular  growth  19Ul  to  i960  —  to  be  applied  to  all  above 

conditions  except  traffic 
generated  by  logging  activities, 
or  other  major  industries. 


Applies  to  all  roads  now  constructed. 
(Without  any  of  above  increases) 


Average  summer  maximum  traffic  equals  double  average  ADT  except  on  predominately 
recreational  routes  where  factor  might  be  as  high  as  3» 

Average  summer  maximum  traffic  equals  average  of  several  maximum  summer  days . 

Maximum  hour  equals  10?o  of  maximum  summer  ADT.  (Usual  public  traffic),  or 
15  to  20^o  on  roads  used  by  both  the  public  and  by  major  logging  operations 
or  other  major  industries. 

iii 
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APPLICATION  OF  THE  OREGON  SOLVENCY 
QUOTIENT  METHOD  TO  ESTABLISH  PRIORITY 

IM  THE  SELECTION  OF  ROUTES  BETWEEN 
BOULDER  MT>  WHITEHALL  (HILL  ROAD)  AND 

BOULDER  AND  CARDWELL  (VALLEY  ROAD) 
IN  JEFFERSON  COUNTY 


I.   SUMMARY  OF  FINDINGS 

Herewith  report  as  per  title  above  using  the  principles  of  the  Oregon 
solvency  quotient  method.   By  setting  up  a  mathematical  relationship  between 

estimated  costs  on  the  one  hand,  and  possible  future  revenues  and  benefits 
on  the  other,  an  index  of  desirability  is  established  to  aid  in  the  choice  of 
routes.   Every  one  of  the  factors  involved  in  the  derivation  of  solvency 
quotients  grows  out  of,  or  is  influenced  by,  the  economics  of  the  region 

touching  on.  or  adjoining  the  route  under  analysis .   The  course  of  action 
recommended  by. the  application  of  the  solvency  quotient  method  is  therefore 

premised  on  a  business-like  procedure,  and  it  follows,  obviously,  that  such 

action  will  be  in  the  greatest  interest  of  the  public.   In  this  particular 
problem,  the  Hill  Road  is  the  better  choice.    Here  are  the  results  of  the 


analysis :- 


SOLVENCY  RESULTS 


Quotient  Descriptions 

Hill 
=        Road 

:        Valley 
:           Road 

Annual              Annual 
Qs-  Revenues    *     Capital    Costs 

:        O.UU. 

OoUO 

Annual   Non  Fuel          Annual 
Qptv    -    Benefits                    »■     Capital    Costs 

1.30 

0.73 

Annual   Fuel          Annual 
Qgp   -   Benefits          «■      Capital   Costs               : 

0.50 

0.29 

^S  4  ^BN  /  QBF  ■   Actual   Solvency 

2.2i+ 

lol|2 

Qq      Composite  Solvency                                          : 
0.707    (Qs  /  QBN  /  QBF   (1-KpK*))                      1 

1.5U          1 

0.98 

These  data  show  that  in  reference  to  costs,  the  Hill  Road  will  "earn", 
by  reason  of  the  gas  tax  levy,  L\lf/o  of  estimated  expenditures  -  the  Valley  Road 
will  earn  UX%»      Non-fuel  benefits  (monetary  vtlue  of  time  savings,  decrease  in 
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"wear  end  tear",  etc.)  accruing  to  Hill  Road  traffic  will  be  l^O/fe  of  the 
capital  costs  -  similar  benefits  on  the  Valley  Road  will  be  73/'0  °f  "the 
capital  costs.   It  is  readily  seen  that  the  "pull"  for  the  Kill  Road  on  the 
basis  of  this  one  quotient  is  almost  two  to  one.   Dropping  to  the  Composite 
Solvency,  which  involved  consideration  of  all  the  factors  of  system 
solvency  and  the  relationship  of  benefits  to  expenditures,  we  find  that  the 
Hill  Road  has  an  over-all  pull  of  approximately  three  to  two  (I.5U/O.98). 

These  results  are  based  on  data  at  hand  in  the  Montana  Planning 
Survey,  the  traffic  data  leading  to  conclusions  in  reference  to  gas  tax  re- 
venues originated  with  the  19Ul  traffic  records  and  the  1936-1937  Origin- 
Destination  studies  at  Dillon  and  Helena.   Data  in  re  mileage,  rise  and  fall, 
gradient,  and  wearing  surface  are  on  file  in  the  office  of  the  Highway 
Planning  Survey. 

This  analysis  also  assumes  a  situation  whereby  a  through  route  is 
built  from  Dillon  through  Twin  Bridges,  thence  along  the  Vigilante  Trail  to 
a  point  north  of  Silver  Star,  thence  northeasterly  to  Whitehall.   The  two 
routes  proposed  for  analysis  remain  as  keys  in  the  final  link-up  between 
Dillon  and  Boulder.   The  effect  of  such  reasoning  is  to  throw  all  benefits 
of  distance  savings,  gradient  savings,  and  rise  and  fall  savings  on  these 
two  roads.   Since  these  values  are  assigned  in  equal  measure  insofar  as  the 
number  of  vehicles  is  concerned,  to  each  of  the  two  roads,  the  effect  in  the 
derivation  of  the  solvency  quotient  is  impartial  and  just. 

Lacking  complete  economic  data,  the  writer  has  developed  and  expan- 
ded on  existing  traffic  records  to  arrive  at  estimates  of  traffic  in  I960 
in  line  with  principles  advanced  by  the  Planning  Survey.   These  principles, 
now  accepted  by  traffic  authorities,  are  as  follows:- 
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1.  Immediately  on  completion  of  e  road  im- 
provement on  a  through  route  there  is  a 
50/0  increase  of  traffic  along  the  length 
of  such  improvement. 

2.  Traffic  will  increase  30/^  in  twenty  years 
as  a  function  of  population  growth  and  the 
growth  of  motor  vehicle  ownership. 

The  first  principle,  it  is  believed,  serves  as  e  "catch  all"  for 
economic  developments  in  the  area  and  for  &  change  in  driving  habits  of  the 
people  resident  along  the  road. 

The  details  of  the  analysis  are  set  forth  in  Sections  LL,    III,  end 
IV  which  follow  hereinafter. 
II.   ROUTE  DESCRIPTIONS 

The  routes  proposed  for  comparative  analysis  extend  from  Whitehall 
to  Boulder  (Hill  Road)  and  from  Cardwell  to  Boulder  (Valley  Roed),  the 
distances  involved  being  27  miles  end  33  miles,  respectively.   both  routings 
lie  in  Jefferson  County  and,  depending  on  future  administrative  action,  will 
comprise  fe  part  or  parts  of  the  Federel  Aid  Secondary  System.   The  Hill  Road, 
beginning  at  a  junction  with  US-10  in  Whitehall,  elevation  U»360,  rises  in  a 
distance  of  20  miles  to  an  elevation  of  b»73-),  then  drops  800  feet  in  four 
miles  to  the  Boulder  Valley  -  the  remaining  3  rniles  of  the  route  traverse 
comparatively  flat  lands  crossing  the  Boulder  River  at  the  outskirts  of 
Boulder,  elevation  ii,900  to  make  a  junction  with  US-^l  in  that  town.   The 
road  as  now  used  is  kept  in  fairly  good  condition,  the  otsic  soils  ere 
grevelly  in  the  bottom  lands  and  leading  to  the  crest  of  the  hill  -  it  is 
probable  thtt  this  latter  mentioned  section  will  recuire  some  rock  excavation, 
granite  in  the  main.   For  purposes  of  analysis  it  is  proposed  that  the  Hill 


Road  will  join  with  the  Valley  Road  at  a  point  two  miles  south  of  Boulder  - 
the  northerly  section  of  the  Valley  Road  has  been  graded  and  drained  under 
a  previous  program  for  a  distance  of  15«5  miles.   By  so  doing,  we  esteblish 
a  situation  whereby  improvement  of  the  Hill  Road  will  involve  25  miles  of 
new  construction  and  2  miles  of  gravel  and  base  construction  along  with  oil 
surfacing.   There  are,  in  general,  no  special  conditions  impinging  on  the 
construction  picture  of  this  road. 

The  Valley  Road,  beginning  near  Cardwell  on  US-10,  follows  the  course 
of  the  Boulder  River  to  Boulder  and  a  junction  with  US-91  in  that  town.   As 
brought  out  heretofore,  15«5  miles  of  the  routing  have  been  graded  and 
drained,  leaving  17 • 5  miles  of  new  construction  and  15»5  miles  of  gravel  base 
and  gravel  surfacing  along  with  oiling.   That  section  of  the  road  which  is 
unimproved  is  not  kept  in  as  good  a  state  of  repair  as  the  Hill  Road.   The 
road  traverses  gravelly  bottom  lands;  there  are  no  special  conditions 
surrounding  the  proposed  improvement  of  this  road. 

In  both  instances  the  roads  serve  a  farming- grazing  economy  -  the 
Valley  Road  is  of  immediate  service  to  more  residents  living  outside  the 
incorporated  limits  of  Whitehall  and  Boulder  than  the  Hill  Road,  the  rbtio 
being  about  three  to  two.   On  the  other  hand,  the  Hill  Road  serves  more  town 
dwellers  of  Jefferson  County  because  it  lies  in  a  direct  line  between  white- 
hall,  population  318  and  Boulder,  population  510* 
III.   TRAFFIC  DATA 

Traffic  and  vocational  pursuits  are  inter-related  to  a  remarkable 
degree  -  given  an  economy  which  has  suffered  by  virtue  of  '*hard  times"  one 
will  find  a  significant  decrease  in  traffic  volumes.   Given  prosperous  times, 
one  will  find  a  significant  increase  in  traffic.   It  is  not  claimed  that  there 
is  a  true  dollar-for-dollar  relationship  in  the  two  variables,  economy  and 
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treffic.   However,  the  relationship  is  binding  enough  for  us  to  say  that 
traffic  records  are  indicative  of  economic  trends  and  that  fluctuations  in 
such  records  are  indicative  of  similar  rise  and  fall  in  the  economic  pattern 
of  the  area  being  studied.   By  so  treating  with  the  economy  of  the  area  along 
a  given  routing,  we  thus  avoid  manipulation  of  ponderous  business  and  produc- 
tion statistics;  our  traffic  records  will  suffice.   It  remains  for  us,  how- 
ever, to  label  the  existing  traffic  and  tha t  which  might  develop  in  the 
future  in  terms  of  the  economic  function  which  prompts,  or  might  prompt, 
such  traffic. 

It  is  a  well  known  fact  to  all  that  the  Valley  Road  carries  "farming- 
grazing"  traffic;  there  is  very  little  traffic  on  the  road  which  we  can 
reasonably  associate  with  other  interests.   On  the  Hill  Road  we  have  an 
equivalent  amount  of  "farming-grazing"  traffic  along  with  traffic  which  is 
intent  on  other  interests,  economic  and  recreational.   both  roads  serve 
local  traffic;  a  recent  survey  of  the  two  routings  showed  that  85^0  of  the 
vehicles  on  the  Hill  Road  were  registered  in  Jefferson  County  -  the  traffic 
on  the  Valley  Road  was  90%   Jefferson  County. 

The  analysis  which  follows  (see  section  IV)  is  predicated  on  pos- 
sibilities which  might  obtain  in  i960  -  but  we  do  not  know  of,  nor  do  we 

attempt  herein  to  forecast,  the  I960  economy  of  Jefferson  County  and  the  area 

contiguous  thereto.   However,  we  have  recourse  in  traffic  trends  and  patterns, 

which,  as  we  have  stated  hereinbefore,  are  almost  synonymous  and  equally 

effective  with  economic  trends.   The  patterns  and  bases  of  traffic  estimation, 

in  other  words,  are  liberal  and  comprehensive  enough,  we  believe,  to  provide 

for  any  fundamental  or  basic  change  of  the  economy  in  any  given  aree<> 

Aside  from  Jefferson  County  aspects  of  the  problem  we  have  the 

possibility  of  diversion  to  the  routes  should  either  one  be  built.   For 

example,  if  the  Valley  Road  were  built  it  would  form  a  link  in  a  route 
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extending  from  Dillon  to  Boulder  over  a  water  grade;  furthermore,  it  would  be 
four  miles  shorter  than  the  present  traveled  way,  US-91  via  Butte,  and  such 
through  traffic  would  avoid  traffic  congestion  on  the  streets  of  that 
municipality.   On  the  other  hand,  Butte  is  an  established  community,  it  is  a 
marketing  center  for  a  considerable  area,  it  is  also  a  place  of  interest  to 
tourists  and  casual  Montana  travelers;  will  economic  aspects  so  change  in  the 
future  that  commercial  and  industrial  traffic  will  have  less  occasion  to 
"call"  in  Butte? 

The  foregoing  discussion  is  an  extreme  possibility;  the  real  question 
is:  How  much  commercial  traffic,  heavy  hauling,  as  it  were,  having  no  interest 
in  Butte,  will  take  advantage  of  the  water  grade  route  from  Dillon  to  Boulder 
and  vice  versa?  As  for  tourists  and  pleasure  drivers,  how  many  of  such  cate- 
gory would  choose  to  miss  Butte  to  take  advantage  of  a  less  scenic  route  to 
save  distance  and  time?  Here  is  another  possibility:   given  the  same  con- 
ditions of  improvement,  would  the  pleasure  drivers  of  Butte  make  use  of  the 
valley  road  in  a  tour  to  Morrison  Cave  via  Boulder,  the  Valley  Roed,  and 
return  by  way  of  Whitehall  and  the  Pipestone  Pass  road,  US-10?  It  is  a  known 
fact  that  pleasure  drivers  do  not  like  to  "repeat"  on  a  road  when  in  quest 
of  recreation  and  diversion. 

Now  to  discuss  the  Hill  Road;  if  it  were  built,  would  the  through 
Dillon- Boulder  traffic  use  it  in  any  great  degree?  It  is  seventeen  miles 
shorter  by  way  of  Whitehall  and  the  Hill  Road  than  it  is  via  Butte,  US-91* 
Would  there  be  a  significant  diversion  of  commercial  traffic  over  the  improve- 
ment?  By  use  of  the  road,  the  diverted  traffic  would  profit  by  the  decreased 
travel  distance,  improved  alignment,  leek  of  city  congestion,  decreased  rise 
and  fall.   But  in  what  measure? 
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The  foregoing  discussion  presents  the  possibilities  inherent  in  the 
improvement  of  either  of  the  two  routings.   The  data  are  now  assembled  to  draw 
out  specific  conclusions  in  reference  to  the  choice  of  the  route  to  be 
improved. 
IV.   ECONOMIC  ANALYSIS 

A.   THE  HILL  ROAD,  27  MILES. 

1.   Annual  Cost  Calculations. 

It  is  assumed  that  this  route  will  be  built  to  Standard  No.  1  for  the 
reason  that  oil  surfacing  to  the  depth  of  2H  will  thus  be  provided.   (See 
Basic  Design  Categories,  pages,  i,  ii). 

It  is  to  be  noted  tht.t  the  estimated  average  daily  traffic  as  dev- 
eloped hereinafter  would  recorrmend  that  choice.   Costs  would  approximate 
those  experienced  in  the  construction  of  the  Boulder  Valley  Road  and  the 
northerly  end  of  the  Vigilante  Trail.   These  costs  are  presented  herewith: 

BASIC  CONSTRUCTION  COSTS 


:  Const. 

■ 
Length 

Grading 

:Clear 

Base 

: Oiling 

DRAINAGE 

:    Engr 

Pro- 

: Minor 

:   Major 

:    R/Vl 

ject 

:   Year 

Grub 

& 

Grad 

:  Struct- 
ures 

[Struct- 
ures 

9A 

19U0 

6.6 

2U,U03 

112+76: 

19,337 

61+53 

9A 

19U0 

■      0.1 

3,532 

1*12 

9B 

191+1    i 

U-5 

12,877 

7,989 

•   3009 

9C 

191+1 

k-k 

9,595 

12,1+17 

:    3009 

> 

Totals 

15.5 

1+6,875 

111+76 

39,71+3 

3,532 

12883 

Averages 

•  15.5 

•  3,021+ 

2,561+ 

.      831 

Averages 

8.9 

2,525 

2,293 

:      676 

Averages 

-     6.6 

•  3,697 

1739 

2,930 

535 

lol+o 

281A 

1936 

9.3 

i43,285 

30219 

7782 

8,373 

6,82+5 

9337 

3696 

281B 

1936 

6.2 

31,060 

19715 

11682    : 

28,363 

.  8,906  . 

11+707 

3013 

Totals 

15.5 

7U.3U5 

1+9931+  -. 

191+61+ 

36,736 

15,751 

:2i40l+U 

6709 

Avera^ 

jes 

15.5   : 

U.796  : 

3221 

1256   : 

2,370: 

1,016 

1551 

1+33 
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Drewing  on  this    experience  end  making  due   allowance   for   possible   in- 
crease  in  unit  prices,  we  find  reesoneble  costs   per  mile   as   follows :- 
Whitehall  to   Junction  with  Valley  Road,   25  miles 
Grading. . •  ••  ■ -j>U»000 

.Assuming  the  hill   construction   cost  to  be   1/3  more 
than  the  I9UO-I9I4.I  Valley, Road  costs. 

Gravel   Base  &   Surface #3  ,5^0 

Assuming  quantities   to   be   lees   than  those   encountered 
on  the  Vigilante  Trail  but  at   a  higher  unit  price. 

Clearing  &   Grubbing §     35^ 

Assuming  prices   to   be   same   as    for   Vallev   Koad  but 
effective  for  only   five  miles. 

Oil  Surfacing #1,300 

Assuming   prices   similar  to    those   for   the  Vigilante 
Trail. 

Minor   Drainage  Structures #2,000 

assuming  less  need  for  such  structures   than  was 
manifest  along  the   Valley  Road. 

Major   Structures #1,000 

Assuming  conditions    similar   to  those   of  the    Galley 
Road. 

Engineer  ing §  1 ,  000 

Assuming   conditions   analagous  to   the   lyUO-l+l  Valley 
•construction. 

Right   of  W  ay §>     25O 

Assuming  prices   similar  to  those   of  the  Vigilante 
Trail   but    in   lesser  areal   dimension. 

Sub-Total ....  #13 ,U00 

/  10%  for   contingencies 1 , 3U0 

Total....  vlU»7U0 
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Junction  to  Boulder,  2  miles 

Gravel  Base  &  Surface ^.^,000 

Assuming  e    "city  section"  in  Boulder  to  increase 
the  price  over  that  estimated  for  the  Fill  Section. 

Oil  Surfacing . $1,500 

See  above. 

Engineering , $     300 

Sub-Total $5,800 

/  lOJ/o  for   contingencies 5QQ 

Total $6,380 

Drawing  on  these  data  we  find  the  total  cost  of  the  new  construction, 

25  miles,  to  be 25  x  Uh,lU0  z   $368,500 

The  cost  of  the  gravel  surfacing  and  the  oiling...     2'x|  6,380  =   12,760 
to  render  the  total  cost  of  new  construction  at...  ^381,260 

To  the  total  for  the  new  construction  it  is  necessary  to  add  the  19U0  costs 
for  grading  and  installation  of  drainage  structures  on  the  last  two  miles  of 
the  route,  this  being  .#19»882.   Assuming  we  were  to  capitalize  the  route  in 
19UU*   the  total  net  cost  of  construction  would  be  #1(01,  lL£. 

It  is  believed  that  traffic  will  derm-nd  or  require  roads  of  higher 
standard  as  time  goes  on  to  thus  require  a  greater  outlay  on  reconstruction. 
Interest  changes  should  be  assigned  in  recognition  of  this  feature  -  in 
other  words,  the  road  "as  built"  should  lay  up  a  reserve  to  meet  increased  con- 
struction costs  in  the  future.   Accordingly,  the  Hill  Road  construction  costs 
have  been  assigned  an  interest  charge  of  2^o  to  be  amortized  in  twenty  years, 
this  time  period  being  deemed  significant  of  the  service  life  of  the  proposed 
improvement. 

The  gross  cost  when  interest  is  applied  at  2^/»   for  twenty  years  is 
$51^4 »26U  and  the  annuel  capital  cost  would  be  $25, 713 • 
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From  data  at  hand   it   is  reasonable  to  assume  that  maintenance  costs 
to  include   administration  and  overhead  will  be   approximately  i>250  per  mile  per    year 
and   that   the   total   annual   cost  will  be  #6, 750* 

Total   annual   costs   are  tabulated  in  somewhat   lesser  detail   on  the 
"Annual   Cost   Calculations"   which   follows  hereinafter: 

ANNUAL  COST   CALCULATIONS 

Location  of   project       Montana      County       Jefferson 

Description  of  project       Whitehall   -   Boulder 


Highway  number Highway  system  F.A.    Secondary 

Length       27.0  miles ~ Date  of   analysis      November   \9h5 • 

CAPITAL  COSTS 

Item                                                Net                Jross  Amort.  Annual 

Cost              Cost  1/  Perioo  Capital   Cost 

Rights   of  way,    easements,    etc.      fo        6,250  v * 

Clearing,   grading,   etc.  119*622         


Pavements   and  surfacing: 

Type     1+83      ,        25 Mi.          120,000          "" 

Type     U63      ,  2  Hi.  11,000         

Structures : 

Type  Minor  ,   27      Mi.     55*360    

Type  Major  ,27      Mi.     26,070    

Other  Construction  items:.....     62,3U0    _______ 

Unamortized  cost  const 52551    20  yrs   m  2j>%  

1.  Total  annual  capital  cost I  25»713 

MAINTENANCE  COSTS 

2.  Total  annual  maintenance  cost  27  miles  <a  $250 ■»  6,75° 


OPERATION  COSTS 

3.  Additional  mileage        at per  mile 

TOTAL  ANNUAL  COSTS  (1/2/3) 4   3^,U63 


V 


1/  Engineering  and  10^  for  contingencies  included  with  "Other  Construction 
Items" •  i 
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2.   Average  Daily  Traffic,  i960 

We  have  traffic  records  as  of  I9I4-I  to  indicate  density  as  follows 
between  Whitehall  and  Boulder.   To  these  date  we  have  added  50^  to  allow  for 
the  usual  increase  on  completion  of  an  improvement  and  30>  to  allow  for  the 
normal  traffic  growth. 


BOULDER-WHITEHALL  TRAFFIC  VIA  HILL  ROAD 

:        Type 

19U1 

/  50% 
Comp. 
Const. 

/  30% 

I960     : 

:  Local  Pass.  Cars 

75 

112 

1U5    « 

:  Foreign  Pass.  Cars 

1 

2 

3 

:  Trucks,  Trailers,  Etc 

22 

33 

U3 

:       TOTALS 

98 

1U7 

191 

With  reference  to  that  traffic  which  might  conceivebly  be  diverted 
to  the  Hill  Road  from  US-91  vve  have  basic  data  deriving  from  an  Origin- 
Destination  study  conducted  in  1936-1937  at  loadometer  stations  near  Dillon 
and  Helena.   The  results  of  the  analysis  at  these  stations  corresponded  close 
enough  to  allow  use  of  the  data  in  this  analysis.   The  data  of  interest  are 
tabulated  herebelow: 

DILLON  LOADOMETER  STATION  PASSENGER  CARS 


: 

Destination 

:           Origin 

: 

Possible 
Diversion 

Inter 
County 

Intra 
:  County 

[Foreign: 

6  : 
AM  : Outlook 

1 

0.5 

t        0.5  : 

to  :Dillon 

11 

1 

3 

•   h 

3    : 

2  : Helena 

1 

1 

m    : Great  Falls 

1 

1 

: Other  Towns 

11 

k 

7    » 

S  : Counties 

9 

1 

8 

E  : Foreign 

2 

2    : 

P  : Total  0-D  Cards 

36: 

3.5 

8 

12 

12.5  : 

T. :Expand  to  Actual 
30  : Count  (Local) 

I63 

17 

38 

58 

50    : 

1  :Expand  to  Actual 
9  : Count  (Foreign) 

5U 

5U  ! 

3  : Reduce  to  ADT  (Local 

197 

21 

T6  ~ 

70 

60    : 

6  : Reduce  to  ADT  (Foreign) 

bh- 

Uk       : 
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DILLON  LOADOMETER  STATION  PASSEHGER  CARS  (Cont.) 


2 
HI 
to 

10 

HI 

M 

A 
R. 

31 
l 

9 

3 

7 


:                        Destination                             : 

:                           Origin 

:Possible 
[Diversion 

:  Inter 
:  County 

: Intra 
: County 

:    Foreign      : 

:Missoula    . 

:       1 

0.5 

:       0.5 

: Great   Falls 

1    : 

1 

:  Other  Towns 

2? 

19       : 

5 

3         : 

:  Counties 

10 

h 

6 

:California 

:      2 

0.5      : 

1.5    : 

: Arizona 

1 

0.5 

0.5    : 

: Other   States 

8 

8         : 

:Total  0.    D.    Sample 

50 

2.5 

23-5 

11 

13        : 

: Expand  to   Actual   Count 
:         (Local) 

.2J8 

9 

ii+3 

67 

19         : 

: Expand  to   Actual   Count 
:         (Foreign) 

31    i 

3 

28         : 

: Reduce   to  ADT    (Local) 

328 

12 

■  197 

92 

27        : 

:Reduce  to  ADT    (Foreign) 

37 

h 

33        : 

:6  AM   -  10  HI   Reduce  to 
:ADT    (All   traffic)                    : 

606 

37 

21+3  • 

162 

I6I4.         :' 

:                    (Local)                        : 
:  Estimated  ADT   10H1-6AM 

6k    : 

3 

26  " 

18 

17        : 

:                 (Foreign) 

: Estimated  ADT   10PM -6aM 

6    : 

1 

5        : 

:                     2k  Hour 

: Average  Daily  Traffic 

676  : 

Ui 

269 

180 

186         : 

The  data  procured  at  the  loadometer  station  south  of  Helena  on  US-91 
substantiate  these  findings  to  some  degree;  it  was  found  that  there  was  a 
possible  diversion  of  forty-four  cars  per  day,  ten  of  them  foreign  as 
against  an  estimated  five  at  Dillon.   The  findings  at  Dillon  were  accepted  as  a 
basis  for  estimates  of  future  traffic  which  might  conceivably  be  diverted  to 
the  new  route. 

It  is  to  be  noted  that  this  element  of  the  study  was  conducted  along 
what  is  believed  to  be  conservative  lines.   For  example,  the  local  passenger 
car  having  origin  in  Outlook  was  allocated  one-half  to  US-91  as  is  and  one- 
half  to  the  new  route  as  a  possible  diversion,  this  for  the  reason  that  the 
driver  might  choose  to  see  Butte  and  environs  about  half  the  time  in 
preference  to  going  over  the  new  route.   Similar  reasoning  prevailed  as 
regards  traffic  originating  in  Dillon  and  bound  for  Helena  and  points  north. 
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The  sample,  except  as  it  related  specifically  to  possible  diversions,  was 

considered  to  be  significant  of  travel  habits  in  respect  to  county  lines  and 

the  state  boundaries » 

As  to  trucks  s  it  was  found  that  the  sample  was  inadequate  or  lacking 

in  true  possibilities  of  diversion.   Out  of  the  hundreds  of  samples  'at  load- 

ometer  stations  at  Helena  and  Dillon  it  was  found  that  there  were  but  two 

possibilities  of  diversion  to  the  new  route.  Accordingly,  truck  traffic  was 

diverted  in  about  the  same  proportion  as  it  exists  in  l^l\h   on  US-91  out  of 

Dillon,  eight  trucks  per  day,  to  round  off  the  diversion  at  fifty  units  by 

throwing  in  another  diverted  passenger  car.   These  figures  were  expanded  by 

30/0  to  arrive  at  the  i960  traffic  estimate.   Those  elements  of  tru  sk  traffic 

were  broken  down  further  to  maintain  the  relationship  between  light,  medium, 

and  heavy  truck  traffic  as  it  exists  on  US-91  out  of   Dillon  on  fch   .'-deral 

Aid  System.   The  diversion  data  are  tabulated  hereinaftei  i 

POSSIBLE  DIVERSION  TO  THE  WHITEHALL- 
BOULDER  ROAD 


Vehicle  Type 

:    19W 

i960: 

Passenger   Cars    (Local) 

i  36 

'   hi 

passenger   Cars    (Foreign) 

"6 

8        1 

Sub-Total   Passenger   Cars 

■~w    ~ 

Trucks j    Light 

L>8 

O  0  0    : 

Trucks,  Medium 

0,5      : 

0.6    : 

•  Trucks,    Heavy 

.      0.1- 

.    1    : 

Tracr    Tk.   &   Semi-Trailers 

.     2,5 

5»1  • 

Truck  &   Full  Trailer 

:      0.1- 

:      0.1    : 

Buses 

0.1- 

0.1    : 

Sub-Total,   Trucks 

8,0 

10,0    : 

TOTAL,   ALL   TRAFFIC 

50.0 

65.O 

These  data  are  combined  with  the  estimate  of  traffic  density  for 

I960  for  the  Hill  Road  with  results  as  follows: 
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ESTIMATED  AVERAGE  DAILY  TRAFFIC  FOR  i960 


Vehicle  Type 

:Ave.  Daily   : 
:   Traffic     : 

Passenger  Cars,  Local 

192      : 

•Passenger  Cars,  Foreign 

11      : 

Sub-Total  j,  Passenger  Cars 

203      : 

Trucks,  Light 

31.9    : 

Trucks ,  Medium 

3.1    1 

Trucks,  Heavy 

0,5    : 

Tractors,  Trucks  t   Semi -Trailers 

16. 5    : 

Trucks  tx.   Full  Trailers                : 

0.5    : 

Buses 

0.5    : 

Sub-Total,  Trucks 

53.0    : 

TOTAL  ALL  TRAFFIC 

256. q     ; 

3*   Annual  Revenues. 

To  arrive  at  an  estimate  of  annual  revenues  the  traffic  data  were 
resolved  into  vehicle  miles  and  then  into  ton  miles.   These  data  were  exten- 
ded on  the  basis  of  unit  net  revenues  per  ton  mile  to  arrive  at  an  estimate 
of  the  total  annual  income.  Unit  net  revenue  rates  derive  from  a  general 
study  conducted  by  this  department.  Average  gross  ton  figures  for  each 
class  of  vehicle  were  also  ascertained  in  course  of  the  research  work  of  the 
Planning  Survey. 
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L>   Time  Element  Savings. 

Time  element  savings  accrue  to  traffic  as  a  result  of  surface  and 
alignment  improvements  and  because  of  shortened  travel  distance.   In  this 
particular  case,  the  Boulder-Whitehall  traffic  will  not  be  benefited  by  any 
great  saving  in  travel  distance,  but  the  improvement  in  wearing  surface  and 
alignment  will  serve  to  increase  the  average  travel  speed.   That  traffic  di- 
verted from  US-91  will  be  benefited  by  a  saving  of  17  miles  on  travel  distance 
and  an  increased  travel  rate  along  the  length  of  the  route  from  Dillon  to 
Boulder  and  vice  versa.   Composite  time  element  savings  are  tabulated  here- 
below.   The  "New"  speed  rates  originate  with  studies  conducted  by  the  Oregon 
Highway  Department  and  coincide  with  the  speeds  recommended  by  Standard  No.  1, 
(See  Basic  Design  Categories).   "Existing"  speed  rates  are  set  in  accord  with 
Oregon  standards  modified  by  the  writer's  knowledge  of  conditions  in  the  area  of 
the  proposed  improvement  and  along  US-91 »  Dillon  to  Boulder. 

HIGHWAY  PROJECT  ANALYSIS      Time  Element  Savings 

Location  of  Project   Montana County   Jefferson 

Description  of  Project   Whitehall-Boulder 

Highway  number Highway  System  F.A.  Secondary 

Length    27»0  miles Date  of  analysis   November,  19^5 

Annual  Traffic  Volume     Boulder-Whitehsll  Diverted  Traffic 

Traffic 

New    Existing  New  PTW  l/ 

Private  Passenger  cars  (per  year)  5U',02Q  20,075     

Trucks,  light  (per  year) 9,k53     "ZZZZH  2,190 

Trucks,  medium  (per  year) 912  219     

Trucks,  heavy  (per  year) 5,312  1,21;1     

2/Busses  (per  year) 

Totals 69,71U 23*725     

Private  Passenger  Cars 

Average  speed  (miles  per  hour) .  U5  35.  U3  UP 

Distance  (Miles) 27  27  81+  101 

Time  (hours  per  trip) 0.628     0.771  1*953  2.525 

Time  savings  per  vehicle 0.1U5  0 » 572    

Value  of  savings ($/vchicle-hour)  $Q.6Q~~ &0.60     

Annual  traffic  volume           5U,02Q  20,075 

Totals $U>635  |6,890     

1/  PTW  s  Present  Traveled  Way.   2/Busses  included  with  Trucks,  heavy. 
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HIGHWAY  PROJECT  ANALYSIS  Tim©  Element  Savings    (Cont) 

Trucks,   Light                                     Boulder-Whitehall  Diverted  Traffic 

Traffic 

Hew          Existing  New                        PTW   l/ 

Average  speed   (miles   per  hour).  39     3£  39      35 

Distance    (miles) 27    27  8I>.                  101 

Time   (hours   per  trip)                               0.692            0.900  2.151+              2.886 

Time  savings   per  vehicle 0.203     0.732 

Value  of  savings  (^/vehicle-hour)      $0.86      y0«S6~~    

Annual   traffic  volume 9*U55"    9>U53     

Total $     1,691     $        1,379     

Trucks,  Medium 

Average  speed   (miles  per  hour).  35    26  35    31 

Distance    (miles) 27     27  82+                  101 

Time   (hours   per  trip) 0.771            1.038  2.1+00              3.258 

Time  savings   per  vehicle.......          0.26*7     O.858     

Value  of  savings ($/vchicle-hour)      $1.17       $1.17       

Annual  traffic  volume 912     219                 • 

Total JT      285    JZ        220       

Trucks,    Heavy- 
Average   speed   (miles   per  hour).  3£    23  32     28 

Distance    (miles) " 27       27  ~~SU     101_ 

Time    (hours   per  trip) 0.81+1+            1.17U  2.625              3 . 607" 

Time   savings   per  vehicle 0.33Q     0.982     

Value   of  savings    ($/vehicle-hour)     $1*1+7       $1.1+7       

Annual  traffic  volume "       5,312      1,214.1 

Total j     2,585     $1,791     

Total   Each   Class'n j     9 >  196     j      10,280     _ 

TOTAL  ANNUAL  TIME  ELEMENT   SAVINGS      $     19,^76 

1/  PTW   =  Present   Traveled  Way. 

5.     Mileage  Element  Savings. 

These   savings   accrue  to  traffic  as  a   circumstance   of   improved 

riding  surface,      decreased  rise  and  fall,   decreased  gradient  and  improved 
alignment.      These  factors   operate  to  decrease  wear  and  tear  on  engines   and 
tires;   they  make  a   gallon  of  gas   stretch  further.      The   estimated  savings 
are  tabulated  hereinafter: 
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Mileage  Element   Savings 
UIOBJAY  PROJECT  ANALYSIS 

Location  of   project  Montana County Jefferson 

Description  of    Project  Whitehall-Boulder 

Highway  number Highway  system     F.A.    Secondary 

Length       27.0  ;niles Late   of  Analysis      November',    19^5 

Routes 

Boulder-Whitehall  Diverted  Traffic 
Traffic 

New              Existing  New                 PTW 
Distance      l/ 

Length   (miles) 27     2J       bJ4 101 

Distance   saving    (miles)... 0     17  

Avert- ge   annual   traffic    (tons)....           197*297     37*207     r 

Annual   traffic  saving    (ton-mi.)..      972 , 519 

Cost    (cf/ton-mile) 0.0195 

Total $   16,96U 

Surface     2/ 

Roadway  surface  type 2"   Oil          Gradea  Oil                   Oil 

Saving   coefficient 0.  16       

Jwer .    annual   traffic    (ton-mi.)...      5*327*019    

Saving   ($/ton-mile) . . .  •  • Q.QJ5Qlj-       

Total $      16 ,  19U  

Rise   and  Fall     3/ 

Rise   and  fall    (feet) 7 No      change  3,220 5,150 

Saving   (feet) 1,930     "' 

Saving   (foot-tons) 110,_iQ9»51Q 

Saving    (l/foot- ton) $U.26s  10  "^         ' 

Annual   Saving 

Total "    &L.7Q               ~" 

Gradient     k/ 

Gradients    in  per    cent No      change  2.00     U.QO 

Red'n  in  gradient 2.00     "~~~~~"~'"'~ 

Average   An.    traffic    (ton-mi.)....              1  *  5^  I » 5^9 

Saving    (#/ton-ndle) « ______             ~~Z_Z  &£_____L____H^"'"       __Z_Z 

TotGl &56    ______ 

Alignment     5/ 

Curvature   rating 10     5       1C     

Points   improvement 5     2 

Saving   (point -ton-miles) 26T6"5F7095  3,069*l7B" 

Saving   ($/point-ton-mile) $0.0001  "     _  ^0,0001 

Total |          2,66U $309 

Total   element  eachclsss'n       $        18,(358  ^20,199 

TOTAL  ANNUAL  MILEAGE  ELEMENT   SAVINGS  &   39*057 

1/     _$3   "   High  type   bituminous   Surfacing 
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1/     Distance  saved  cuts  down  the  over-all  vehicle  operating  costs. 

Technical  Bulletin  No.  7,  Oregon  State  Highway  Department  lists  certain 

operating  costs  per  ton-mile  for  each  of  the  several  vehicle  types  and  offers 

diagrams  which  allow  one  to  arrive  at  a  composite  ton  mile  cost  when  the 

average  gross  weight  in  tons  of  the  truck  traffic  is  known.   Average  gross 

tonnage  computation  for  that  truck  traffic  which  might  be  diverted  to  the 

proposed  improvement  are  shown  herewith: 

Annual  traffic,  trucks  (tons)   -  27095  ■  7*609  "tons  =  15*218  pounds 
Annual  traffic,  trucks  365* 

Average  Daily  Traffic  (trucks)    s  10  „  ic.hjg 
Average  Daily  Traffic  (all  units)   "55 

By  reference  to  Figure  114  of  the  Technical  Bulletin  it  is  found  that 
the  average  cost  per  ton  mile  of  traffic  in  the  proportions  and  weights  given 
herebefore  would  be  $0.0195* 

2/  Technical  Bulletin  No.  7  sets  forth  a  system  whereby  the  benefits 
of  surface  type  improvement  may  be  computed.   It  is  assumed  that  the  coeffic- 
ient of  betterment  is  0.l6  since  the  improvement  raises  the  coefficient  from 
graded,  0.19,  to  oiled  surface,  0.03«   Computations  in  reference  to  the  Boulder- 
Whitehall  ton  mile  costs  are  as  follows:- 

Annual  Traffic,  Trucks  (tons)   r  1*6,267  -  7^oQ   tons  =  ^  8l6     ds 
Annual  Traffic  (trucks)  15,693 

Average  Daily  Traffic,  trucks    _  U3  -  22.,^% 
Average  Daily  Traffic,  all  units  ~  191 

Operating  costs  per  ton  mile  for  traffic  in  these  proportions  and 
weights,  as  shown  in  Figure  114,  Technical  Bulletin  No.  7  are  $0,019* 
Multiplying  0.019  by  0.16  we  have  &O.OO30I4  per  ton  mile. 

3/  Rise  and  fall  was  computed  on  US-91  from  Dillon  to  Boulder  with 
elevation  controls  as  follows: 
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DILLON  -  BOULDER  VIA  BUTTE 

Elev.       / 

Dillon 5380 

380 

Navy  Station 5000 

630 

5  Mi.   North  Melrose 563O 

205 

Moose  Creek 5I+25 

205 

Moose   Creek  Hill 5630 

230 
Divide 5I4OO 

Feeley  (Cont.   Divide) 58I4.O 

500 

Nissler  Jet 53I+O 

160 

Butte 5500 

900 
Woodville    (Cont.   Divide)    ....        61+00 

1500 

Boulder 1+900     

2335     2815 
5150 

DILLON  -  BOULDER  VIA  WHITEHALL 

Elev.      / 

Dillon 5380 

1020 

Whitehall i+360 

1370 

Crest ' 5730  * 

830 

Boulder 1+900   

1370     IB5CT 
3220 

It  is  assumed  for  purposes  of  this  analysis  that  the  improvement  in 

rise  and  fall  will  be  effective  within  the  limits  of  the  proposed  improvement, 

the  average  gradient  would  then  exist  as  3»5»   Truck  fuel  cost  for  15*218 

pound  gross  weight  as  shown  on  Figure  123  of   the  Technical  Bulletin  would  be 

$7*00  x  10   .   Passenger  car  costs  on  the  same  basis  would  be  #3*72  x  10 

Combining  the  two  traffic  elements  and  extending  we  have  an  average  saving 

of: 
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15.1$  at  $7.00  x  10  "6  =   1.08  x  10  "6 

85.6%  at  $3.72  x  10  "6  =  3. 18  x  10  "6 

$U-26  x  10  '6 

Lj/  It  is  assumed  that  diverted  traffic  will  be  benefited  by  a  2% 
decrease  in  gradient  by  taking  the  Dillon-Whitehall-Boulder  route.   By 
reference  to  Technical  Bulletin  No.  7  find  Figure  12U  therein  we  have  basic 
data  as  follows:- 

Saving  for  passenger  cars,  $1.29  x  10  "^  x  2  =  $2.58  x  10  "^ 

Saving  for  trucks  gross  wt. ,  15,218  lbs.  =  $8.00  x  10  "j*  -  #3.00  x  10"^ 

=  $5.00  x  10  -*+ 

Combining  and  extending  in  the  proportion  manifest  in  the  diverted 

traffic. 

81+.6  x  2.58  x  10~j+  =  2.183  x  10-J+ 
15.1+  x  5.00  x  10"^  =      .770  x  10~U 

2.953  x  10"^ 

5/   It  is  not  contemplated  that  improvement  of  the  Hill  Road  will  ef- 
fect a  great  improvement  in  alignment  as  such,  it  is  reasonable  to  think, 
however,  that  increased  sight  distances,  and  a  proper  superelevation 
embodied  in  Standard  No.  1  will  make  a  five  point  alignment  improvement  for 
the  Boulder-Whitehall  traffic.   By  the  same  token,  the  diverted  traffic  will 
avoid  the  congestion  in  Butte,  the  crooked  alignment  in  the  vicinity  of  Moose 
Creek,  Woodville  Hill  and  Elk  Park  Canyon.   In  consideration  of  these  factors 
this  writer  has  assigned  an  alignment  point  improvement  of  2  as  an  estimate  on 
the  conservative  side.  The  point-ton-mile  saving  rate  derives  from  the 
Technical  Bulletin. 

6.   Traffic  Benefits,  Hill  Road. 

This  tabulation  involves  an  allocation  of  benefits,  fuel  functions 
and  non-fuel  functions,  in  accord  with  the  proportions  advanced  by  the 
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Oregon  Highway  Department. 

HIGHWAY  PROJECT  ANALYSIS 
Location  of  Project    Montana 


Traffic  Benefits 


C  ount  y    Jefferson 


Description  of  project 

Highway  number 

Length 


Whitehall-Boulder 


27.0  miles 


Highway  system  F.A.  Secondary 
Date  of  analysis  November  1955" 


Item 


Distance  savings 


Roadway  surface  savings 
Rise  and  fall  savings 

Gradient  savings 

Alignment  savings 


Mileage  Element  Factors 

Fuel 
Function 


_|18196U 
16.19U 


U70 


2,973 


Total  Mileage  Savings  $59.037 
Time  Element  Factors 


38% 

$7 ,206 

kl% 

6,6U0 

100% 

Uio 

100% 

U56 

50% 

1,U86 

016,258 

Non-fuel 
Function 

62%        $  11,758 
59%  9,55ET 


50%      $    l,£BT 
$  22,799 


Other  Benefit  Items 


Type  of  Traffic 


Passenger  cars 


Annual 
Value  of 
Time  Savings 


Item 


Value 


Trucks , 

light 

Trucks , 

-medium 

Trucks , 

heavy 

Busses 

Total   Time  Savings 


$ 

11,525 

3,070 

505 

i+,376 

1 

19.U76 

Recapitulation  of  Annual  Benefits 
Total  Fuel   Function  Benefits 


Non-fuel  function     (Mileage  element   factors     &     22 ,799 

19,U76 


benefits  (Time  element   factors 

Total  Non-fuel  Function   Benefits 

TOTAL  ANNUAL  BENEFITS 


$  16,258 


»  1+2,275 

$  58,533 
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7*      Derivation  of  Quotients. 

Now  to  marshal   such   factual  data  as  we  have   assembled  heretofore: 

HIGHWAY   PROJECT  ANALYSIS 

Location  of  project Montana County       Jefferson 

Description  of  project         Whitehall-Boulder      


Highway  nu mbe r  Hi gh wa y  System     F.a.   Secondary 

Length 27»Q  miles __Date   of  analysis     November   19^-5 

1/ 

Iar  =  $  ill, 306 K,  =  1.00 

ar  _^_1  

C        =   $  32>U63 K_  ;   0-31 


Bn     :  %  1+2,275 K^  r  0.23_ 

Bf     r  $   16,238 KgIL  -  0.13  *  0.23  =  0.13 

K1Cas  $  32,1+63 1-KgKj     I   1.00  -  0.13  «  0.87 

k/  Q8=  iarAxCa  =     1U306/32U63  =  0.1+1+ 


y  Qgn  =  B^C^s       U2273/32U63  *  1.30 


6/  QBfsBf/K1Ca     =        16238/32U63  »  0.30 


7/  Q '  -rW^Pf*    Q.1+1+  -  0-13  x  0.87  s  0.14+  -  Q»07  =  0-37 

0/  Qc«0.707  (Qsy^Bn/  QBf(l-K2K9))s  0.707  (0.I4U  /  1-30  /  0*30  x  .87) 

=  0.707   (0.1+U  /  1-30  /  0.1+1+)   s  0.707  x  2.18 

=  1.5U 

l/  The    constant  K^   represents   the  Pro  Rata   cost   chargeable  to   Road  User 

Funds,   the  Gasoline  License  Tax  Levy  in  this   case. 

2/  The   constant  Kg  represents  the  proportion  of  the  total  fuel   savings  which 

derives   from  the  diverted  traffic.      By  reference  to   the  tabulation  of  Mileage 

Element  Savings  we   find  that  the  fuel   function  benefits   accruing  to  the 

diverted  traffic   are  as   follows: 

Distance  Savings,   38%  of  $18 ,961+  =  17  .206 

Rise  &   Fall   savings,   100%  of  $1+70  =  1+70 

>                    Gradient  Savings,   100%  of  #1+56       =  I+56 

Alignment  Savings,    50%  of  #309       z  155 

TOTAL  $8,287 
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Dividing  this  value  by  the  total  value  of  the  fuel  function  benefits, 
$16,258,  we  arrive  at  the  constant  value  of  R^ ,  O.5I. 

3/  The  constant  K,  represents  the  ratio  of  the  fuel  tex  to  the  total  cost  of 
fuel  (5/20). 

U/  Qs»  the  solvency  quotient,  shows  that  the  route  when  built  will  "earn" 
bh%   of  its  cost. 

jy  &  6/     Qgn  and  Qgf>»  representing  non-fuel  and  fuel  function  benefits 
respectively,  show  that  the  monetary  values  of  these  benefits  will  exceed 
the  capital  costs  by  $0%   in  the  first  case  and  will  equal  half  the  capital 
costs  in  the  second  instance. 

7/  Q'_  represents  a  corrected  solvency  quotient.   The  immediate  effect  of 
diverting  traffic  to  the  routing  will  be  to  decrease  revenues  on  US-91  - 
this  quotient  represents  the  solvency  standing  of  the  routing  as  it  would  be 
if  we  "kept  books"  on  all  the  roads,  primary  and  secondary,  in  the  region. 
0/  Q  represents  the  composite  quotient  of  the  routing  when  income  and 
benefits  in  relation  to  costs  are  taken  into  consideration  -  it  is  the  true 
measure  of  the  worth  of  any  proposed  routing.   It  is  feasible  but  not  truly 
necessary  to  build  a  road  when  the  composite  quotient  is  unity  -  this, 
generally  speaking,  would  indicate  a  situation  where  benefits  would  equal 
anticipated  revenues.   In  other  words,  the  benefits  would  operate  to  pay 
the  revenues,  in  which  case  the  existing  roads  would  serve  adequately.   The 
composite  quotient  for  the  Hill  Road  is  1»5U»  a  resultant  which  would 
eminently  recommend  construction  of  the  route. 
B.   VALLEY  ROAD,  33  MILES. 

1.  Annual  Cost  Calculations. 

Drawing  on  the  experience  data  set  forth  in  the  cost  calculations 
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for  the  Hill  Road  we  have  estimated  unit  prices  per  mile  as  follows :- 

Cardwell  to  Graded  Portion  of  the  Valley  Road,  1?»5  miles 

Grading $3 ,500 

Assuming  about  20^o  increase  over  19U0-19U1  prices 

Gravel  Base  &  Surface $3,500 

Assuming  quantities  to  be  less  than  those  on  the 
Vigilante  Trail  but  at  a  higher  unit  price. 

Clearing  and  Grubbing $  29Q1 

Assuming  prices  to  be  same  as  for  191+0  construc- 
tion but  effective  for  only  three  miles. 

Oil  Surfacing $1 ,300 

Assuming  prices  to  be  similar  to  those  for  the 
Vigilante  Trail. 

Minor  Drainage  Structures §2 ,000 

Assuming  less  need  for  such  construction  than  was 
apparent  in  19U0-19Ul» 

Major  Structures %     500 

Assuming  conditions  similar  to  the  19U0  con- 
struction. 

Engineering $1,000 

Assuming  conditions  analagous  to  the  19U0 
construction. 

Right  of  Way %     2^0 

Assuming  conditions  similar  to  the  Vigilante  Trail 
but  in  lesser  areal  dimension. 

Sub-Total..        $12,3i+0 

/   10%  for  contingencies..         1,23U 

Total  Cost  for  New  Construction..        $13#57U 
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Gravel  -Base,   Gravel   Surfacing   and  Oiling,    15»5  miles 

Gravel    Base  &   Surface ^4., 000 

Assuming  costs   to    be   in  excess   of  those  manifest 
on  the  proposed  new  construction  by  reason  of 
probable  shouldering  operations  and  other 
restoration  activities. 

Oil  Surfacing. . $1 ,3X)0 

Assuming  prices  to  be  similar  to  those  for  the 
Vigilante  Trail. 

Engineering $     300 

Assuming  a  greatly   decreased  cost  for  engineering 
there  being  only  gravel   surfacing  and  oiling  to 
administer. 

Sub-Total $5,600 

/  lO/'o  for    contingencie  s 560 

Total   Cost   for  Gravel  and  Oil  Surfacing &6,l60 

Drawing  on  these   data  we  find  the   cost  of  the  new  construction, 

17.5  miles,  to  be  17-5  *  S13,57U $237,51+5 

The  cost  of  the  gravel   surfacing  and  the  oiling  will  be, 

15.5  x  $6,160 $  95.480 

to  render  the  total   cost  of  new  construction  at $333,025 

To   the  total   for  the  new  construction  it   is  necessary  to  add  the 
19U0~19Ul  costs   for  grading  and  installation  of  minor   drainage   structures   on 
the  Valley  Road,   these  being  $lli4.,509»      Assuming  we  were  to  capitalize  the 
route  as   of  I9I4U  the  total   cost  would  be  $U±1 ,5~}k  ($333,025  /  #Ul+,509). 
Following  the  same   procedure  as   for   the   Hill  Road  -  assigning  interest  at 
2j|$&  to  be  amortized  in  20  years   -  we  find  the   annual   capital    costs  of 
construction  to  be  $28,687» 
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As   for  probable   maintenance   costs,   it    is    believed  that  this    item  will 
be   less    per  mile   than  the   Hill    Road  -  for   purposes   of  this   analysis   this 
figure  was   set  at   $200  per  mile. 

The  total   annual   costs   are   recapitulated  on  the   "Annual   Cost   Calcu- 
lations"  sheet  which   follows; 

ANNUAL   COST   CALCULATIONS 


Location  of  project                 Mont 

ana 

County 

Jefferson 

Description  of  project            Car 

dwell-BouJder 

Highway  number 

Highway   sys 

Date  of  am 

,  COSTS 
Gross 
Cost  1/ 

4 

stem  K.A. 

Secondary 

Length              33»0  miles 

CAPITA] 

Net 
Cost 

$    U,375 
121+,b76 

ilysis 

November   19^5 

Item 
Rights   of  way,,    Eesements,    etc. 

Amort. 
Period 

Annual 
Capital   Cost 

Clearing,    grading,    etc 

Favements   and  surfacing: 

Type     Gravel 

123,250 
U2.900 

7U*7U3 
12,282 

65,308 

Type        Oil 

Structures : 
Type     Minor 

Type     Major 

Other  Construction   items  :<.. . 

Unamortized   cost   const.  <>«».. 

20  yrs. 

At    2J£'o 

MAINTENANCE   COSTS 
2o      Total   annual  maintenance   cost     33  miles   @  $200  §     6,600 


TOTAL   ANNUAL   COSTS    (1  /  2) $   35*287 

1/  Engineering   and   lO/'o  for    contingencies   included  with   "Other   Construction 
Items". 
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2.   Average  Daily  Traffic,  i960. 

Average  Daily  Traffic  in  I9hl   for  the  Boulder-Car  dwell  road  was 
found  to  be  27  local  passenger  cars,  1  foreign  car,  and  15  trucks.   It  is 
possible  that  some  traffic  will  be  diverted  from  the  Hill  Road;  the  measure 
of  such  diversion  is  difficult  to  ascertain  from  the  records  at  hand.   The 
writer  assumed  that  one-fourth  of  the  present  passenger  car  traffic  between 
Whitehall  and  Boulder  would  use  the  Hill  Road  half  the  time  and  the  Valley 
Road  half  the  time  to  make  an  effective  passenger  car  diversion  of  ten  cars 
per  day.   It  was  further  assumed  that  half  of  the  truck  traffic  might  use  the 
Valley  Road  when  loaded  and  the  Hill  Road  when  empty  to  make  an  effective 
diversion  of  five  units  per  day.   Possible  diversion  from  US-91.  Dillon  to 
Boulder,  would  be  the  same  as  that  set  forth  in  the  discussion  of  the  Hill 
Road.   Estimated  traffic  figures  for  the  Valley  Road  in  i960  are  shown 
herewith: 

TRAFFIC  DATA  VALLEY  ROAD 


Category 
and 
Traffic  Type 

:  19U1 

Compl. 
Const. 

/  30?i 

:     I960    : 

Boulder-Car  dwell 

Pass.  Cars,  Local 

27 

Ul 

53     : 

Pass.  Cars,  Foreign 

1 

1 

2     : 

Trucks 

15 

23 

30 

Boulder-Whitehall 

Pass.  Cars,  Local 

10 

15 

20    : 

Pass.  Cars,  Foreign 

Trucks 

5 

7 

10     : 

Dillon-Boulder  Diversion    : 

Pass.  Cars*  Local 

36 

hi 

Pass.  Cars,  Foreign 

6 

8    : 

Trucks 

8   : 

10     : 

All  Traffic 

Pass*.  Cars,  Local 

120     : 

Pass.  Cars,  Foreign      1 

10    : 

Trucks 

50 

All  Vehicles 

180    : 

J.   Annual  Revenues. 

The  traffic  data  were  then  resolved  into  ton  miles  per  year  and 
multiplied  by  known  ton  mile  income  factors  to  establish  revenues  as  follows: 
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1*.   Time  Element  Savings. 

Dillon-Boulder  traffic  when  diverted  to  this  road  will  save  four 
miles  in  travel  distance.   Due  to  a  more  favorable  gradient  the  "new"  speeds 
for  the  trucks  have  been  increased  by  one  mile  over  that  shown  in  the  tabu- 
lation for  the  Hill  Road. 


HIGHWAY  PROJECT  ANALYSIS 


Location  of  project    Hontt-na 


County 


Time  Element  Savings 
Jefferson 


Description  of  project 

Highway  number 

Length 


Car dwell  -  Boulder 


33  miles 


Highway  System     F.A.    Secondary 
Date  of  analysis   November   19U5 


Car dwell- Boulder 
Traffic 

Annual   Traffic  Volume  flew  Existing 

Private   Passenger   cars (per  yetr)   27 , 373  

Trucks,    light    (per   year) 8,796~  

Trucks,   nedium    (per  year) 8I4.O  

Trucks,   heavy  (per   year).. 1*,96U~  

Totals 1*1,975  " 

Private  Passenger  Cars 

Average  speed  (miles  pe**  hour).  1*3  35 

Distance  (Miles) "     33  ~~33 

Time  (hours  per  trip).. Q.767~      0 . 91*3 

Time  savings  per  vehicle.......    0.176  

Value  of  savings (^/vehicle-hour)   &Q.60  

Annual  traffic  volume 27  »375  

Trucks,  Light 

Average  speed  (miles  per  hour).  39 3£ 

Distance  (miles) 33  33 

Time  (hours  per  trip).. 0.81*6~~      1.100 

Time  savings  per  vehicle.. 0.25"IT~  

Value  of  savings  (&/vehicle-tour)   ^0.86  

Annual  traffic  volume 8,79£>~  

Total #1,921 

Trucks ,  Medium 

Average  speed  (miles  per  hour).  36  26 

Distance  (miles) 33  33 

Time  (hours  per  trip)..... 0.917        1.269" 

Time  savings  per  vehicle 0.352  

Value  of  savings (^/vehicle-hour)   $1.17  

Annual  traffic  volume 81*0 

Total 13^6" 


Diverted  Traffic 


New                 PTW 
20,075 

2,190 

219 

1,21+2 

23,726 

U3 

ko 

97 

101 

2.256 

2.525 

0.269 

$0.60 

20,075 

13.21*0 

39 

35 

97 
2.1*87 

101 
2.886 

0.399 

$0.86 

2,190 

$751 

36 

31 

97 
2.69U 
0.561* 

$1.17 

101 
3.258 

219 
$11*5 
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HIGHWAY  PROJECT  ANALYSIS        Time   Element  Savings    (Cont) 

Car dwell -Boulder 

Traffic  Diverted  Traffic 

Trucks,    Heavy                                     New                 Existing  New  PTVJ 

Average  speed   (miles   per  hour.   33  23         33 28 

Distance   (miles) 33         33          97  101 

Time    (hours   per  trip) 1.000                 1.U35  2.939  3. 607 

Time   savings   per  vehicle d.Uj>5~      0.668  

Value  of   savings  (^/vehicle  -hour)  ^1»U7           $1.U7~  

Annual  traffic  volume. ........     Ut9^>h           1 ,21t.l  

Total fr3>17U           $1,219 

Total   Each  Class'n.    §8,332  $3,333  

TOTAL  ANNUAL  TIME  ELEMENT  SAVINGS      $13,687 

5»     Mileage  Element  Savings. 

Refer   to  similar   discussion  for  the  Hill   Road. 

HIGHWAY  PROJECT  ANALYSIS         Mileage  Element  Savings 

Location  of  project       Montana County        Jefferson 

Description  of  project Cardwell   -   Boulder 

Highway  number Highway  system     F.    A.    Secondary 

Length 33  miles Date  of  Analysis   November   19U3 

Routes 
Cardwell-Boulder  Diverted  Traffic 

Traffic 
New  Existing  New  PTW 

Distance   l/ 

Length    (miles) 7 .. 33  33     97  101 

Distance   saving   (miles).........   0  U       

Average  annual  traffic    (tons)... 37 ,207       

Annual  traffic  saving   (ton-mi.).   228,828       

Cost   ($/ton-mile ) ' 0.0193         

Total $U»U62       

Surface  2/ 

Roadway  surface  type Oiled Graded  Oiled  Oiled 

Saving  coefficient.............  0.16 

Aver,    annual  traffic    (ton-mi.).     •  Us 92^ ,61+6     

Saving    ($>/ton-mile )... .........  0.00288 

Total $1U»186  

Rise  and   Fall  3/ 

Rise  and  fall    (feet) No   change  1,73Q  5>15Q 

Saving    (feet) "  3 »U20 

Saving   (foot-tons) 195,6U7»9^0       

Saving   ($/foot-ton) " "  $L>33  x   1Q~6     

-Total ; fBL77 
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Mileage   Element  Savings    (Cont.) 
HIGHWAY   PROJECT  ANALYSIS 

Cardwell-Boulder  Diverted  Traffic 
Traffic 

New            Existing  New                   PTW 
Gradient  U/ 

Gradients  in  percent No  Change  1. 00  1;.QQ 

Re d ' n  in  gr a di ent 3*00     

Average  An.  traffic   (ton-Mi.)  1,687,831         ZZZZZ 

Saving   (^/ton-mile) ,                              * EHIJ  J^* 

Total $919  

Alignment  ^/ 
Curvature  rating 10 7       10     8 

Points   improvement...... 3  \    

Saving   (point-ton-miles) ll+,776,938~ 3,775,662~ 

Saving   ( $/point -ton-mi le )... .                $0.000"l~" $0.0001~     

Total $1,7778""      " _          #378       

Total   each  class' n. .          $15,66U  $6,606 


TOTAL  ANNUAL  MILEAGE  ELEMENT  SAVINGS      •  $   22,270 

1/     See  note   \J ,  mileage  element   savings,    for  the  Hill   Road. 
2/     See  note  2/,   mileage   element   savings,    for   the   Hill   Road, 

for   derivation  of  the   coefficient  of  betterment. 

Computations   in  reference  to  the   Boulder-Cardwell  ton-mile   costs 

are  as  follows :- 

Annual  Traffic  Trucks,   tons  108,199         „  ,  ,  ,  ,,     Q„„ 

Annual  Traffic  Trucks,    units  =        li*,600  "     7*1  tons   =   lU-822  pounds 

Average  Daily  Traffic,    trucks  -     i+O  -      ■* i    g^ 

Average  Daily  Traffic,   all  units        115 

Operating  costs  per  ton  mile   for   traffic  in  these  proportions  would 

be  as  follows :- 

Passenger   Cars,   65. 2£  ■  O.652  x  2.07  »  1*35 
Trucks,  3U.8%  -  O.3U8  x  I.30  -  0.U5 

Combined   Cost     *   1.80 
1,80  x  0.16  *  0.00288 

3/  In  reference  to   the   diverted  traffic;    it    is   assumed  that   the 

existing   gradient  along  a   significant  length  of  US-91   is  I4.. 0%»      Truck  fuel 

costs   for  15»218  pound  gross  weight  as   shown  in  figure  123  would  be  tf7»50 
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per  foot-ton  x  10   «   Combining  the  two  traffic  elements  ,  we  average  foot- 
ton-dollar-saving  as  follows i- 

15.1$  at  $7 •  50  x  i(T6  =  1.15  x  10~6 

$U.6%  at $3. -72  x   10"6  =   5clo  x   10"6 
All   Traffic  =aU.33  x   10-^" 

U/  It   is   assumed  that  there   is   an  effective   decrease  of  J/§  in  the 

gradient  and  that   the  new  grade  will  be  2.%*      By  reference  to  Figure   llLu 
Technical    Bulletin  No.    7  we  have  basic  data  as   follows; 

Saving  for   passenger   cars   $1.29  x   10"^  x  3  "  *3°87  x  10"''4 

Saving   for   trucks,    gross   wt.,    15S218S    =   $13.00  x   10"^  -  &3.00  x   lO-^- 

=  ttlOoOO  x  10"^ 

Combining  and  extending  in  the  proportions  manifest  in  the  diverted 

traffic: 

8U06  x  3,37  x  10"^  =  3°27  x  \0~^ 
15. k  x  10.00  x   10"^  =   l°5h  x   10"14 

Combined  Cost  =  U«81  x   lO"'4 

5/  See   discussion  of  alignment   point   savings   for   the    Hill   Roada 

6.      Traffic   Benefits,      Valley  Road. 

This  tabulation  involves   an  allocation  of  benefits,   fuel   functions 
and  non-fuel   functions    in  accord  with   the   proportions   advanced  by  the 
Oregon  Highway  Department. 
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HIGIWAY  PROJECT   ANALYSIS 


Location  of  project 
Description  of  project 

Highway  number 

Length 33°Q  miles 


Montana 


County- 


Traffic  Benefits 


Jefferson 


Car dwell  -  Boulder 


Hi gh w a y  s y s t em  F-,A°  Secondary 
Date  of  analysis   November  19u5 


Item 

Distance  savings 

Roadway  surface  savings 
Rise  and  fall  savings 

Gradient  savings 

Alignment  savings 


Mileage  Element  Factors 

Fuel 
Function 


¥  UJ462 
"  1U.186 


Non-fuel 
Function 


W7 


919 


T7856 


Total  Mileage  Savings  $22,270 
Time  Element  Factors 


38% 

$1,696 

Wo 

5,816 

100$ 

8U7 

100% 

919 

50% 

928 

&10s206 

62% 

$2,766 

59% 

8,. 370 

50% 

928 

$12,06U 

Other  Benefit  Items 


Type  of  Traffic 


Passenger  cars 
Trucks,  light 


Annual 
Value  of 
Time  Savings 

$  6,131 


Item 


Value 


Trucks,  medium 
Trucks,  heavy__ 
1/  BUS! 


ises 


Total  Time  Savings 


2,672 

U91 

U,393 

$ 

13.687 

Recapitulation  of  Annual  Benefits 
Total  Fuel  Function  Benefits 


$   10,206 


Non-fuel   function      (Mileage   element  factors  $     12 , Q6J4 

(Time  element  factors  13,68f~ 


benefits 

Total  Non-fuel  Function  Benefits 
TOTAL  ANNUAL  BENEFITS 


I  25,751 


$  35,957 


l/  Busses   included  with  heavy  trucks. 
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7«      Derivation  of  Quotients. 

Now  to   summarize  the  effects   of  each   of  the   several   elements   discussed 

hereinbefore: 

HIGHWAY   PROJECT   ANALYSIS 

Location  of  project Montana County         Jefferson 

Description  of  project Car dwell   -  Boulder 

Highway  number Highway  system     F-A.    Secondary 

Length 35 »Q  miles Date   of  analysis      November   19U5 


"37 


Iar  =  $     1U,180 Kx  =     l.QQ 


1/ 
Ca     r  $     35*287 Kg  *     0.36 


1/ 
Bn     =  $    25,751 K3  -    0.25 

Bf     =  $      10,206 K2K,  -     0.09 

K1Ca=  $     35,28? 1-K2K5       =     1.00  -  0.09 

VQsWKlca.  =     H4I8O/35287  =  0.1+0 


i/QBn«Bn/K1Ca=     25751/35287  ■   0-73 


5/QBf=Bf/K1Ca*     10206/35287  =  0.29 


6/Q,,=QKr^KxQpfs  O.UO  -   0.03  -  0-37 


7/Qc=0.707  (Qs/QBn/QBf(l-K2K5»  *     0.707  (0.1+0  /  0»73  /  0*29  x  Q.91) 

-     0.707    (0.U0  /  0.73  /  0.26)  *  0.707  x  1.39 
=     0.98 

l/  See  similar  discussion,  Derivation  of  Quotients  for  the  Hill  Road. 

2/  See  similar  discussion,  Derivation  of  Quotients  for  the  Hill  Road.   By 

reference  to  the  tabulation  of  Mileage  Element  Savings  we  find  that  the 

fuel  function  benefits  accruing  to  the  diverted  traffic  are  as  follows: 

Distance  Savings,  38%  of  $U,U62  s  $1,696 

Rise  &  Fall  Savings,  100%  of    8U7  -         81+7 

Gradient  Savings,  100%  of    919  =    919 

Alignment  Savings,  50%  of    378  =    189 

TOTAL        $3,651 
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3/  See  similar  discussion,  Derivation  of  Quotients,  for  the  Hill  Road. 
h/  Qg  >    the  solvency  quotient,  shows  that  the  road  when  built  will  earn  l±0% 
of  its  cost. 

_5/  QB   &nd  QRf>5  the  benefit  quotients,  show  that  the  non-fuel  benefits 
will  be  75%   of  the  capital  costs  and  that  the  fuel  benefits  will  be  29/<>  of 
the  capital  costs* 

6/   See  discussion j  Derivation  of  Quotients-  for  the  Hill  Road- 
7/  This  quotient,  being  less  then  unity,  would  indicate  that  the  Valley 
Road  is  not  e  feasible  or  desirable  road  to  be  improved  under  the  provisions 
of  the  Federal  Aid  Secondary  program^, 
Vc   REMARKS 

Attention  is  called  to  the  fact  that  the  comparison  of  the  zwo   routes, 
Boulder  to  Whitehall  and  Boulder  to  Cardwell,  by  use  of  the  Oregon  formula 
does  not  take  into  account  the  distance  between  Whitehall  and  Cardwell  ,  a 
distance  of  approximately  seven  miles .   If  this  had  been  taken  into  con- 
sideration more  weight  would  have  been  given  to  the      Route  as  the  major 
part  of  the  traffic  using  either  route  is  bound  for  Whitehall,  or  points 
south  or  west  thereof »   That  is.,  the  benefits  ana  resulting  solvency  quotients 
on  the  Hill  Route  would  be  much  higher  than  shown  by  the  analysis « 

It  should  be  noted  also  that  construction  costs  as  shown  herein  are 
based  on  Federal  Aid  Secondary  standards  consequently^  if  the  route  snould 
ever  be  pieced  on  the  Primary  System  as  a  through  route  to  Dillon  standards 
and  construction  costs  would  be  increased  considerably.   However,  this  would 
have  little  or  no  effect  on  the  selection  of  the  route  between  Boulder  and 

Whitehallo 

Prepared  and  submitted  bys 

THE  MONTANA  HIGHWAY  FLAMING  SURVEY 

Januarys,  191+6 


